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Abstract—This article focuses on low-energy District Heating 
(DH) systems operating in low-temperatures such as 55°C in 
terms of supply and 25°C in terms of return in connection with 
existing buildings. Since the heat loss from the network has a 
significant impact in case of supplying heat to low-energy 
houses in a traditional DH network, the aim in this paper was 
given to reduce the dimensions of the low-energy DH network 
as much as possible. Hence, the performance analyses of the in-
house radiator heating systems equipped in existing buildings 
were carried out for low temperatures of supply and return. 
The response of the radiator heating systems at different levels 
of supply temperature was used to form the operational 
planning of the low-energy DH system, which determined the 
design parameters of the low-energy DH network in terms of 
overall mass flow requirement and the return temperature 
from the buildings. Since the existing buildings were considered 
to be renovated to low-energy class, the operational planning 
was simultaneously modelled for both present high-demand 
and future low-demand situations of the same case area.  
I. INTRODUCTION 
The low-energy future with the pervading low-energy 
buildings makes the low-energy DH systems essential in 
order to achieve the official long-term objective of 
Denmark; energy production relied on 100% renewable 
energy [1]. A project related to this field [2, 3] found that 
low-temperatures, 55°C in terms of supply and 25°C in 
terms of return, can still satisfy the heating demand of low-
energy houses with adequate control at the substations 
located at each house connected to the DH network. The 
low-energy operation at DH systems was proved to be 
successful at supply temperatures of 50–55°C with the real 
cases of low-energy DH systems, in-operation. These real 
case areas consist of the low-energy DH system located at 
Lystrup, Denmark, supplying heat there to 41 low-energy 
buildings [4-6], and a low-energy DH system called 
“Greenwatt Way” located in Scotland [7], supplying there 10 
zero-carbon houses with low-temperature operation.  
The study [8] claimed that low-temperature operation can 
even be sufficient in terms of existing buildings with 
existing indoor heating systems. In their studies they 
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reported that in existing buildings indoor heating systems 
were originally over-dimensioned according to the 
conventional high temperature operation, and according to 
the engineering practice of selecting the width of the radiator 
to cover the width of the windows to overcome the cold 
draught problems [8].  
In our previous studies [9, 10], we have developed the 
dimensioning method for the low-energy DH systems which 
were connected to low-energy buildings. However, it is 
essential to develop a dimensioning method for the areas 
with existing houses with consideration given to current and 
future heating demand of them. This study focuses on 
determining the technical aspects of low-temperature 
operation of existing in-house radiator heating systems in 
existing buildings located in an existing settlement.  
DH networks have to be dimensioned for the peak-load 
condition in which the heat demand reaches to its maximum 
level. Since peak-conditions occur very seldom over a year, 
boosting the supply temperature during these limited peak-
load conditions could be advantageous in the perspective of 
avoiding over-dimensioning the piping network. Boosting 
the supply temperature could also be considered for the 
current high-heat demand of the existing buildings, since 
they are meant to be renovated to low-energy class. 
The objective of this study is to investigate the effect of 
boosting the supply temperature in low-energy DH networks 
on the performance of in-house heating installations of the 
existing buildings with consideration given both to Current 
Situation (CS) and Future Situation (FS).  
II. METHODS 
A. PERFORMANCE OF THE EXISTING RADIATORS 
The performance of a radiator varies (in terms of heat 
output of the radiator, mass flow required, and return 
temperature) dependent on the supply temperature and 
capacity of the radiators based on their original dimensions. 
By simultaneous consideration of (1-3) given below, the 
return temperature and mass flow requirement of a house 
could be derived according to design capacity, and design 
temperatures of the radiator system; and current heat 
demand required, and current temperature supplied [11]. In 
this study the equations below were used in order to carry 
out performance analyses of the existing radiators to derive 
the return temperature and mass flow needed in different 
supply temperature conditions.  
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𝐿𝑀𝑇𝐷 = 𝑇! − 𝑇! 𝑙𝑛 𝑇! − 𝑇! 𝑇! − 𝑇!    (1)  
  
where LMTD is logarithmic mean temperature difference 
[°C] of the radiator, and T is temperature [°C] with 
subscripts of S as supply, R as return, and I as indoor.  
 𝑄! 𝑄! = 𝐿𝑀𝑇𝐷! 𝐿𝑀𝑇𝐷! !  (2)  
 
where Q̇ is the heat transferred from the radiator [W], and 
subscripts of χ as unknown condition, and O as original 
design condition. The variable n is the radiator exponent 
which is normally set as 1.33 for the radiators.  
 
 𝑄 = 𝑚× ℎ!,! − ℎ!,!  (3)  
 
where ṁ refers to mass flow [kg/s], and hf refers to 
specific enthalpy [kj/kg]. 
B. SUBSTATIONS, PLANNED TO BE ESTABLISHED 
In this study the low-energy DH systems were planned to 
be dimensioned for existing settlements which were 
currently heated by existing citywide heating systems such 
as traditional high-temperature DH systems or natural gas 
distribution grids. In case of replacement of the old citywide 
heating systems with the new low-energy DH systems 
operating in low-temperatures, each house will be equipped 
with substations in proper with low-temperature operation. 
Each substation was equipped with direct connection to an 
in-house heating system in terms of Space Heating (SH), and 
with a 120 l storage tank in terms of Domestic Hot Water 
(DHW) production (Fig. 1).  
 
Fig. 1. Illustrative picture of the reference substation located at each house 
The storage tank is based on the principle of sensible heat 
storage with the use of stratification of the heat carrier 
medium (water in this case). Thus the overall temperature of 
the storage tank at full load was set as the temperature of 
supply from the DH network. Meanwhile the overall 
temperature of the water at the storage tank was set as the 
return temperature from DHW production while it is at 
empty load. Also it should be noted that the pipes in 
connection with DHW production in the primary side of the 
substation were dimensioned with a fixed volume flow rate 
of 75 l/h at maximum [4]. 
In order to define the overall return temperature from the 
substation of one house, it is essential to model the mixture 
of the return heat carrier medium in connection with SH, and 
the production of DHW. The overall return temperature after 
mixture was derived by use of (4) which was formed by use 
of mass and energy balance equations [12]. The return 
temperature was derived later from the specific enthalpy of 
the mixture hf,R – Result. 
 ℎ!,!!!"#$%& = !!"×!!,!!!"!!!"#×!!,!!!"#!!"!!!"#         (4)  
C. SITE DESCRIPTION 
In this study the calculations were carried out for a case 
area located at Gladsaxe Municipality with 783 detached 
single family houses located there, and currently heated by a 
natural gas heating system. Each single-family detached 
house located at the case area was assumed to have the same 
reference house model based on its construction established 
in the period of 1961–1972. The unique heat demand values 
were derived from the studies [4, 13, 14] and can be seen in 
Table I. It should be noted that heat demand of DHW stays 
the same for CS and FS, since DHW production relies on 
consumer behaviour.  
Table I. Unique heat demand values of the reference house 
Heat Demand Type FS CS 
SH 2.9 5.1 
DHW 3.0 3.0 
Total 5.9 8.1 
 
Heat load factors were derived for the overall DH network 
from the study [4] by the use of (5). 
 𝐿𝐹 𝑡 = 𝐻𝐿 𝑡 𝐻𝐿!"# (5)  
 
where LF(t) is the degree of the heat load HL(t) occurring 
in a certain period of time in comparison to the maximum 
heat load HLMax observed over a year. 
Fig. 2 presents the load duration curve over a year in 
connection with the heat load factor both in CS and FS.  
In the fig. the load factors in terms of the current situation 
were calculated as the ratio of the current heat load 
occurring in a certain period of time to the maximum heat 
load of the FS. 
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Fig. 2. Load duration curve of the heat load factors defined for the case area 
in connection with CS and FS 
D. SIMULTANEITY FACTOR 
Since heat consumption of each individual consumer does 
not occur at the same time, neither at full load [15], 
simultaneity factor (SF in short - also known as diversity 
factor) should be considered while determining the overall 
heat load in order to avoid over-estimated heat load and 
consequently over-dimensioned network. The in-house 
radiator systems are equipped with thermostatic valves at 
almost all Danish houses, giving us the chance to use a 
simultaneity factor while determining the heat load in terms 
of SH as well as DHW (Fig. 3).  
 
Fig. 3. Change of simultaneity factor in terms of SH and DHW over number 
of consumers 
E. SUPPLY TEMPERATURE BOOST IN PEAK-LOAD 
CONDITIONS 
In the case of fixed maximum allowable pressure drop 
defined for the routes of a DH network, the dimensions of 
the pipes of the network are dependent on the overall flow 
requirements of each individual house, equivalent to the total 
heat load of them. Thus the study focused on reducing the 
dimensions by reducing the flow requirements on the piping 
network by increasing (boosting) the supply temperature 
occurring during the peak winter conditions.  
Supply temperature could be boosted with simultaneous 
consideration of two situations together in order to avoid 
over-dimensioning the future low-energy DH network: 
1) Future Situation (FS) 
A scenario was considered here based on the case of 
existing houses renovated to low-energy class, and heated by 
low-energy DH system with low-temperature operation. 
However the supply temperature of the low-energy DH 
system was planned to be boosted at the peak-demand 
conditions. 
2) Current Situation (CS) 
Another scenario was considered for the current situation 
in which the overall heat load of the area is significantly 
higher than its low heat demand in FS. Dimensioning the 
DH network based on the current situation results in over-
dimensioned network for the future situation. Hence another 
planning of boosting the supply temperature was considered 
here to even up the mass flow requirements of all houses in 
the same level at CS and FS.  
III. RESULTS 
The in-house radiator heating system of the reference 
house was assumed to be dimensioned according to peak 
heat demand of 9.0 kW with the assumption that radiators 
were sized in the same width of the windows to avoid cold 
draught problems [14]. By use of (1-3) the performance of 
the reference radiator system in terms of return temperature 
and mass flow requirement was investigated dependent on 
the supply temperature for the peak-load situations of both 
current and future heat demand requirements. The peak 
power rate of the heat demand of each house was assumed to 
be reduced from current heat demand of 5.1 kW to future 
heat demand of 2.9 kW in terms of SH. Thus the 
performance of the radiator heating systems was also 
investigated for different heat demand conditions with the 
same supply temperature level (Fig. 4).  
 
Fig. 4. Return temperature and mass flow observed at the radiator system 
dependent on supply temperature 
The heat consumption profile in terms of DHW was 
assumed to be not dependent on whether the DHW 
production occurs in the CS or FS. Fig. 5 presents the return 
temperature and mass flow requirement for DHW 
production dependent on supply temperature.  
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Fig. 5. Return temperature and mass flow observed in terms of DHW 
dependent on supply temperature 
The overall peak heat load of the case area was calculated 
by integration of simultaneity factor which was found as a 
function of the total number of consumers in the case area. 
Hence simultaneity factors were calculated as 0.62 in terms 
of SH, and as 0.42 in terms of DHW for 783 consumers. The 
overall heat load values for the entire case area were 
calculated as 3.4 MW in case of current situation, and as 2.4 
MW in case of FS. The return temperature and the mass 
flow requirement of the whole case area, based on the 
overall heat load values in question, can be seen in 
connection to CS and FS at Fig. 6. 
 
Fig. 6. Overall mass flow requirement of the case area dependent on supply 
temperature 
It is essential to carry out the performance analyses for a 
year period in order to balance on an equal level of the mass 
flow requirements observed during the peak and normal 
(though non-peak) periods of each situation. By use of heat 
load factors given at Fig. 2 heat load values were derived 
over a year.  
In order to define the periods for boosting the 
temperature, it is essential to model the behaviour of the in-
house radiator systems according to different supply 
temperatures. Thus, for different heat load values, the 
response of the total in-house radiator systems was 
investigated in accordance with different supply 
temperatures. The mass flow requirement and the return 
temperature observed were shown at, respectively Fig. 7 and 
Fig. 8 in terms of FS. 
 
Fig. 7. The overall mass flow requirement dependent on supply temperature 
in case of FS 
 
Fig. 8. The return temperature observed dependent on supply temperature in 
case of FS 
The mass flow requirement and the return temperature 
observed were shown at, respectively Fig. 9 and Fig. 10Fig. 
8 in terms of CS. 
 
Fig. 9. The overall mass flow requirement dependent on supply temperature 
in case of CS 
0.0207 
0.0207 
0.0208 
0.0208 
0.0208 
0.0208 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
50 60 70 80 90 100 
M
as
s F
lo
w
 R
eq
ui
re
m
en
t [
kg
/s
] 
R
et
ur
n 
Te
m
pe
ra
tu
re
 [°
C
] 
Supply Temperature [°C] 
DHW - Return Temp. DHW - Mass Flow 
0 
20 
40 
60 
80 
100 
120 
55 60 65 70 75 80 85 90 95 
M
as
s F
lo
w
 R
eq
ui
re
m
en
t [
kg
/s
] 
Supply Temperature [°C] Current Situation Future Situation 
5 
10 
15 
20 
25 
50 55 60 65 70 75 80 
O
ve
ra
l M
as
s F
lo
w
 [k
g/
s]
 
Supply Temperature  [°C] 
1.00 
0.89 
0.74 
0.53 
0.40 
0.30 
0.17 
0.07 
17 
19 
21 
23 
25 
27 
50 55 60 65 70 75 80 
R
et
ur
n 
Te
m
pe
ra
tu
re
 [°
C
] 
Supply Temperature [°C] 
1.00 
0.89 
0.74 
0.53 
0.40 
0.30 
0.17 
0.07 
0 
20 
40 
60 
80 
100 
120 
50 60 70 80 90 100 
O
ve
ra
l M
as
s F
lo
w
 [k
g/
s]
 
Supply Temperature  [°C] 
1.00 
0.89 
0.74 
0.53 
0.40 
0.30 
0.17 
0.07 
Heat Load 
Factor 
Heat Load 
Factor 
Heat Load 
Factor 
  
 
Fig. 10. The return temperature observed dependent on supply temperature 
in case of CS 
 The aim here is to find the mutual balanced operation 
point of each situation (CS and FS) in the point of overall 
mass flow requirement by adjusting the supply temperature 
at each of them. Therefore supply temperatures were defined 
according to the heat load level based on heat load factor for 
CS and FS (Table II).   
Table II. The overall mass flow and return temperature observed before and 
after boosting the supply temperature 
 
 WITHOUT BOOSTING BOOSTING APPLIED 
 
Duration 
[hours] 
Supply 
Temp. 
[°C] 
Return 
Temp. 
[°C] 
Mass 
Flow 
[kg/s] 
Supply 
Temp. 
[°C] 
Return 
Temp. 
[°C] 
Mass 
Flow 
[kg/s] 
C
S 
8 55 46.0 103.3 95 29.2 15.5 
19 55 39.3 53.4 87 26.1 15.5 
111 55 32.1 31.4 77 23.1 15.5 
653 55 24.5 19.3 63 22.8 16.4 
1,724 55 21.4 14.5 55 21.4 14.5 
1,399 55 19.6 8.7 55 19.6 8.7 
1,565 55 18.5 9.7 55 18.5 9.7 
3,281 55 18.0 7.7 55 18.0 7.7 
FS
 
8 55 26.0 20.8 65 22.5 15.5 
19 55 23.8 18.4 62 22.2 15.5 
111 55 21.6 15.5 55 21.6 15.5 
653 55 19.7 12.6 55 19.7 12.6 
1,724 55 18.7 10.6 55 18.7 10.6 
1,399 55 18.5 9.7 55 18.5 9.7 
1,565 55 18.1 8.2 55 18.1 8.2 
3,281 55 17.9 7.3 55 17.9 7.3 
IV.  DISCUSSION 
The heat demand from the houses is determinative on the 
dimensioning of the DH network. The over-dimensioned 
piping network could be avoided by use of operational 
planning with increasing (boosting) supply temperature 
during the peak-demand conditions.  
Pressure drop through a unit pipe (unit means regardless 
of the length) is mainly dependent on the mass flow of the 
medium carried and the diameter of the pipe. Boosting the 
supply temperature in a DH network thus allows reducing 
the pipe diameter due to reduced mass flow of the medium 
occurring as a consequence of the in-house radiator systems’ 
response in case of increased supply temperature.  
As can be seen at Table II if the DH network was 
dimensioned according to current situation and with a low-
temperature supply of 55°C, the mass flow requirement from 
all of the houses was needed to be defined as 103.3 kg/s. On 
the contrary, boosting the supply temperature in this peak-
demand condition, which has a duration of 8 hours over a 
year, could yield a significant reduction in the required mass 
flow down to 15.5 kg/s. Beside that, in case of FS, 
significant reduction could be achieved on the mass flow 
required by only increasing the supply temperature to 65°C 
during peak-load condition, and to 62 °C during the period 
of the second heat load factor of 0.89. 
In this paper for the selected case area, the mass flow 
requirement could be countervailed at the level of 15.5	  kg/s	  
as maximum over a year period with consideration given, 
both to CS and FS. Thus an operational planning could be 
defined in the dimensioning method with a discrete level of 
supply temperatures for each different heat load factor level 
except the low heat load factor levels which have a mass 
flow requirement less than 15.5 kg/s.  
Low-temperature operation gives the opportunity to 
exploit the low-temperature Renewable Energy (RE) heat 
sources, and to increase the efficiency at the heat production 
facilities. In Denmark several low-temperature heat sources 
could be available for the low-energy DH systems:  
- Geothermal sources, suitable to low-temperature 
operation of 55°C supply, could be reached in between 1 
– 2 km below the ground level [16].  
- The waste heat from the industry with theoretical 
potential of 140 PJ could be exploited by use of low-
temperature operation [17], which will otherwise be lost. 
- Also, surplus heat released from the chillers of the 
supermarkets or industries could be exploited for low-
temperature operation in low-energy DH systems, which 
otherwise gets lost through cooling towers of the chillers. 
The study [18] pointed out that a refrigeration process of 
900 – 9,800 kW of cooling can yield to heat production 
of 400 – 11,700 kW in 43°C by means of heat recovery 
from chillers, which can later be increased to 55°C by 
use of heat pumps in order to utilize it in a low-energy 
DH system.  
V. CONCLUSION 
The approach based on operational planning of supply 
temperature was reported within this study, yielding a 
significant reduction in mass flow requirement of the heated 
area and as a consequence lowered dimensions determined 
for the DH piping network. One should note that a district 
heating system should always be designed in accordance 
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with what works best within the district itself. Hence the 
study reported in this paper has to be carried out for each 
individual district heating design with the capacity of the 
existing in-house heating systems equipped there. Also the 
load duration curve should be derived individually for the 
heated area studied in order to result in a practical planning 
of supply temperature boosting specific for the heated area 
in question.  
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